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Introduction 
Many studies have pointed out the fact that traditional instruction fails when it 
attempts to reach desired objectives regarding in-depth knowledge of theoretical 
concepts or positive attitudes towards science [1-4]. Different proposals are needed 
to favour interaction, motivation, and autonomy, and these should be alternatives to 
the traditional classroom (based essentially on exposition, examples and solving 
practical cases) where subject matter is usually presented as pieces of knowledge 
with no relation to the everyday setting. This means that students who can solve 
problems and practical cases successfully are not able to answer simple conceptual 
questions correctly [5-8]. These difficulties are similar in various countries, yet the 
speed at which the necessary changes are applied varies [9]. This is the case even 
though the conditions for good learning (well structured basic fundamentals, 
adequate motivation, promotion of autonomous activity and interaction among 
peers) are sufficiently understood [10]. This problem appears to worsen when 
student numbers are high. These changes are often rapidly driven by conditions 
outside the educational world. In particular, recent developments in Information and 
Communication Technologies (ICTs) lead one to think that they will be widely used 
in future learning for simulations, virtual tutoring, video games, on-line labs, etc. 
Fortunately, the understanding of course contents for Physics can be improved by 
employing active/cooperative/collaborative approaches, where learners are involved 
in varied activities led by a teacher who is seen as a tutor or guide. Such 
supervision can become one of the most demanding, complex and sophisticated 
tasks and requires, therefore, that the teacher's role is given greater recognition 
[11]. There are strategies that enable this process to be carried out successfully by 
using interaction, experimentation and demonstration to increase the information 
retained, improve marks and eliminate negative attitudes towards disciplines. In 
particular Hands-on Physics Experiments (HPEs) influence the fact that the 
authority is the real world, and they have played an important role in curricula for 
scientific/technological subjects [12-13]. Many projects have shown the benefits of 
their use to attain quality learning [14-15]. An HPE involves the use, both inside and 
outside the classroom, of any material, object, instrument or experimental setup 
used for learning a properly contextualized concept, principle, law or application 
[16-17]. They contribute to the student's use of basic concepts and experimental 
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skills to construct something new, and so give the pupil a chance to integrate 
theoretical and practical contents naturally, as indicated by current trends that have 
influenced the development of recent educational curricula [18].  
In this work we present several ways of using HPEs based on our experience, 
taking into account the way in which people learn (Fig. 1): considering their previous 
knowledge, using interaction among peers (solving problems in collaboration with 
others) and with real tasks, provoking cognitive conflict, and promoting conceptual 
change if needed. An updated view of resources will be shown, which assumes that 
teachers do not only need a methodological change in their teaching practice but 
also in their pedagogical beliefs and knowledge be achieved. 
 
Figure 1. Learning methodologies [19] 
Resources 
The use of ICTs has been a basic catalyst in the recent evolution of the educational 
sphere. At present they are generally used as either a source for support material or 
an on-line resource for conceptual learning. One of the tasks teachers have is to 
give training in how to make reliable searches using ICT. It is important to identify 
clearly which tools favour learning by introducing materials, methods and concepts 
into the classroom in terms of real situations the learners are familiar with. In this 
way the subject is made interesting and the learner's work and curiosity are 
stimulated. This does not mean teaching learning methods or techniques, but 
instead means fostering the use and development of these strategies by teachers in 
their daily practice. When it comes to implementing innovation of this type, teachers 
encounter a series of difficulties that have to be overcome: ignorance of the tools 
placed at their disposal by modern learning theories; strong resistance to change; 
lack of understanding of their integration in learning processes; or a lack of clear 
methodology for assessment. In the case of HPEs there are countless resources 
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that can be used in the classroom (Tab. 1). The origin of present day HPEs possibly 
lays in the interactive centres that play an important role in informal learning 
contexts and offer, furthermore, a chance to update the public in general and build 
bridges between Science and Education [20]. Interactive centres offer the chance to 
connect theoretical and practical concepts, and show their contents by relating them 
to daily applications through the use of small-scale, semi-guided personal research. 
Much of the material developed in this context has successfully been exported to 
the educational world and has acted to drive the change taking place [21-22]. 
BOOKS  [23-25] 
SPECIALISED JOURNALS  [26-28] 
EVENTS  [29-31] 
PROJECTS  [19,32-33] 
ASSOCIATIONS  [34-36] 
WORLD WIDE WEB  [37-39] 
AUDIOVISUAL MATERIALS  [40-42] 
SUPPLIER OF EDUCATIVE EQUIPMENT  [43-45] 
INTERACTIVE MUSEUMS  [46-48] 
Table 1. Available resources 
Strategies 
HPEs can be employed for different learning modes that require different 
organizational structures: in master classes, in proposals for autonomous work, in 
small groups or in collective works. They are all oriented towards action and have 
the clear purpose of acquiring skills and increasing commitment to the subject. This 
diversity of strategies is the best way to respond to the various motivations and 
interests of the learners. Alone they do not contribute significantly to improved 
learning, and if they are to be effective, then there needs to be a clear definition of 
aims, interests and motivations. Only in correctly structured curricula do they 
contribute to success as one more piece in the puzzle. Here, we can at least 
document their use in the following modes (Fig. 2): 
a) Demonstrations. HPEs have traditionally been used in a demonstrative 
format during master classes, helping students to confirm or reject previous 
ideas, obtain useful information and venture new conclusions [49-53]. For 
the teacher, this requires limiting and organizing the material being 
presented and linking new and old knowledge, while avoiding the use of 
unnecessary terms or excessive detail that can lead to distractions. In many 
cases these are short demonstrations that do not interfere in the flow of the 
subject and provoke an increase in the learner's interaction as they introduce 
physical activity that often means standing up and moving a short distance. 
The contents thus take on a new dimension and become an opportunity to 
Selected Papers on Hands-on Science II 
414 
motivate and generate class discussion if they are complemented by 
thought-provoking questions. Among other things, such demonstrations 
allow pupils to observe activities that would not habitually be carried out in 
the lab because of their danger, cost or delicate nature: using apparatus that 
show simple concepts but that require complex handling, or the reproduction 
of historic experiments, for example. 
 
Figure 2. Some examples of HPEs 
b) Interactive demonstrations. The above demonstrations may be more 
effective in master classes if their interactivity is increased. In an interactive 
HPE [8,54-56] the teacher gives detailed explanations beforehand about the 
elements of the HPE and the steps to be taken, linking the scientific and 
technological concepts to be used if they have already been developed; 
learners are challenged to make predictions about the expected result; the 
teacher divides the activity into small steps, intersperses questions to 
maintain attention and check understanding, works to ensure the process is 
interactive for the learners, and encourages, if possible, the experiment 
itself. Once the interactive HPE is over the learners discuss what has 
happened with their nearest classmates and the teacher moderates the 
ensuing debate. This process promotes conceptual understanding by means 
of a combination of mental and hands on activities to produce information 
from the discussion amongst peers. Learners must fill out a sheet listing the 
expected results, using individual response cards or one of the commercially 
available electronic student response systems [57-59]. 
c) Problem-based learning (PBL) mini-projects [60]. Challenge HPEs, in which 
learners working in small groups are simply given a project title (usually from 
a list taken from a book [23] or webpage [46]) that they must create, write 
up, (linking it to other contents and providing complementary information) 
and present the results for, once they have found and used the necessary 
resources. Much of this new teaching material should include images, 
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sound, video, text and ICT elements. These include interactive web domains 
or online virtual simulation tools [61-63]. These complementary, virtual HPEs 
enable phenomena to be analyzed intuitively both graphically and 
numerically (which leads to more in-depth understanding). By using them, 
learners become familiar with computational tools in support activities that 
allow them to modify and explore parameters like those in the real HPE. The 
development of simulations can even be carried out by means of several ICT 
applications that can either be used by the teachers or the students [64-65]. 
During these PBL format HPEs the learners, with teacher supervision: 
construct a model, measure, make hypotheses, estimate, discuss and 
suggest. This requires additional intellectual effort and offers a more creative 
and contextualized vision of the practical component than that offered by 
work in the lab. This latter type of work is often a mechanical labour directed 
towards obtaining, without reflection, expected results that have quantitative 
verification in the way of a response that completes a pre-designed and 
directed experiment [66]. Fortunately, such cases do not require costly or 
specialized equipment and in the case of Physics concepts there are a large 
number of well documented proposals to provide to learners, leaving them 
with the responsibility to design and create the final product independently. 
d) Collective HPEs, Science Week. With the results of work undertaken by 
learners, a “cloning” of a small Science/Technology museum can be 
organized in the educational centre itself, in an activity that is both collective 
and cooperative and one in which learners are co-responsible for its 
definition, assembly and overseeing, within a framework of explanation by 
peers or equals [67-71]. Such design and interactivity work with learners is 
advantageous in attaining important learning goals related with the skills 
needed for activities of this type, and well as strengthening other basic 
competences used across the learning process: these could be instrumental 
(capacity for analysis and synthesis, problem solving, or organization and 
planning capacity, etc.), or personal (teamwork, interpersonal relationship 
skills, critical reasoning, etc.), or systemic (autonomous learning, creativity or 
initiative, and enterprise spirit, etc.) Each module is accompanied by a self-
explanatory panel that, under an eye-catching heading, contains brief 
audiovisual information and a few provocative questions that attempt to lead 
participants to reconsider their mental models by seeking connections with 
the contents of the formal learning that are not obvious, as an essential step 
before recompiling the new information. Complex explanations, difficult 
instructions or highly sophisticated setups are avoided as they could inhibit 
potential participants from exploring unaided. The information provided is fun 
and attractive in order to increase and stimulate the visitors' attention, and it 
is related in some way to their previous experiences. More than learn, the 
visiting pupil is stimulated to delve deeper and develop a context for their 
own exploration in their own way, leading, if possible, to follow up activities 
done by themselves. Visitors are accompanied by the learners who act as 
guide or mediator and are provided with methodological models for 
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communication with the visitors. They also promote alternatives to the 
spontaneous activities or make any adjustments that may be needed. The 
learners are given prior instruction so that they can give understandable 
scientific explanations [72-75]. 
e) Corridor HPEs. Some of the HPEs designed by the teachers, or by the 
learners themselves, can later be set up throughout the centre’s building 
during term time [76-78]. These selected modules will be a permanent 
exhibition that can facilitate the learner's voluntary interaction at any time. 
Incentives for their use can be given by organizing a competition among the 
centre’s community, in which participants must solve simple challenges 
regarding the concepts that underlie the HPEs. 
Conclusions 
Hands-on Physics Experiments, (HPEs) in any of their possible usage modes, can 
be an additional tool for facilitating learning of scientific and technological contents 
in any educational setting. Their main advantages are appropriate contextualization, 
flexibility and learner motivation. The learner is an interacting part of the process in 
which the monotony associated with the master class is broken. HPEs attempt to 
demonstrate that science and technology can be interesting, exciting, easy to 
understand, and subjects that are important in everyday life and also something that 
can be beneficial by putting the student in an active, critical learning position: 
experimenting, making hypotheses, interpreting, and reaching conclusions. They 
also attempt to convey scientific knowledge as basic for anyone in today's 
technological world. Of course, the contribution of HPEs is relevant when the 
learners themselves are the main participants in the process and the teacher is 
focused on proposing this learning environment and activating the learners. 
Although there is a general lack of institutional support, time and teacher training in 
this type of learning strategies that deal with real subjects, an increase in their use 
has been observed because they increase the commitment of the agents involved, 
their capacity for learning to learn and the dynamics of the educational process. 
Using suitably organized and contextualized HPEs bridges the gap between theory 
and practice and leads to beneficial changes in the basis and the way that students 
learn. Involvement and participation in subjects is considerably increased according 
to opinions stated in several learner surveys, and likewise there is a contribution, 
without doubt, to the professional development of a teaching community who in 
most cases can escape, in this way, from the reproduction of models they suffered 
during their training. 
Acknowledgements 
We are grateful for funding received from the University of Vigo for carrying out the 
Educational Innovation Project “On-line Hands-on Experiments for learning Physics 
in Engineering degrees.” 
Selected Papers on Hands-on Science II 
417 
References 
[1] Gunstone R, Student understanding in mechanics: A large population survey, 
American Journal of Physics, 55, 691-696, 1987. 
[2] Vineot L, Analyzing student´s reasoning: Tendencies in interpretation, 
American Journal of Physics, 53, 432-436, 1985. 
[3] Hake RR, Interactive-engagement vs. traditional methods: A six-thousand-
student survey of mechanics test data for introductory physics courses, 
American Journal of Physics, 66, 64-74, 1997. 
[4] Kim E and Pak SJ, Students do not overcome conceptual difficulties often 
solving 1000 traditional problems, American Journal of Physics, 70, 759-765, 
2002. 
[5] Roth W, McRobbie C, Lucas K and Boutonne S, Why May Students Fail to 
Learn from Demonstrations? A Social Practice Perspective on Learning in 
Physics, Journal of Research in Science Teaching, 34: 5, 509–533, 1997. 
[6] Powell K, Science education: spare me the lecture, Nature, 425, 234-236, 
2003. 
[7] Powell K, Spare me the lecture, Nature, 425, 234-236, 2003. 
[8] Crouch CH, Fagen AP, Callan JP and Mazur E, Classroom demonstrations: 
Learning tools or entertainment?, American Journal of Physics, 72: 6, 835‐838, 
2004. 
[9] Thacker BA, Recent advances in classroom physics, Report on Progress in 
Physics, 66, 1833-1864, 2003. 
[10] Biggs J, Calidad del aprendizaje universitario, Madrid, Spain: Narcea, 2005. 
[11] Brown G and Atkins M, Effective teaching in higher education, London, UK: 
Methuen, 1988. 
[12] Flick LB, The meanings of hands-on science, Journal of Science Teacher 
Education, 4, 1-8, 1993. 
[13] Dorrío BV, Rúa A, Soto R and Arias J, Hands-on Physics Bibliography, 
Proceedings of the 1st Conference on Hands-on Science. Teaching and 
Learning in the XXI Century, Divjak S (Ed.), 119-124, Ljubljana, Slovenia, 
2004. 
[14] NRC: National Research Council, National science education standards, 
Washington, USA: National Academy Press, 1996. 
[15] AAAS: American Association for the Advance of Science, Project 2061, 
Washington, USA: Science for all the Americans, 1989. 
[16] Dorrío BV, García-Parada E and González-Fernández PM, Introducción de 
demostraciones prácticas para la enseñanza de la Física en las aulas 
universitarias, Enseñanza de las Ciencias, 12, 63-65, 1994. 
[17] Dorrío BV and Rúa-Vieites A, Actividades manipulativas para el aprendizaje de 
la Física, Revista Iberoamericana de Educación, 42: 7, 1-15, 2007. 
[18] De Jong O, Korthagen F and Wubbles T, Research on science teacher 
education in Europe: teacher thinking and conceptual change, in International 
Handbook of Science Education, Fraser B and Tobin K G (Eds.), Dordrecht, 
Netherlands: Kluwer Academic Publishers, 745-758, 1998. 
[19] http://www.ntl.org/ 
Selected Papers on Hands-on Science II 
418 
[20] Oppenheimer F, The Exploratorium: a playful museum combines perception 
and art in science education, American Journal of Physics, 40, 978-984, 1972. 
[21] Morris C, Importing “hands-on” science into schools: the Light Works van 
programme, Physics Education, 25, 263-267, 1990. 
[22] Johansson KE and Nilsson Ch, Stockholm Science Laboratory for schools: a 
complement to the traditional education system, Physics Education, 34, 345-
350, 1999. 
[23] Ehrlich R, Turning the World Inside Out and 174 Other Simple Physics 
Demonstrations, New Jersey, USA: Princenton University Press, 1990. 
[24] Cunningham J and Herr N, Hands-on Physics activities with real life 
applications, New York, USA: Wiley, 1994. 
[25] Rathjen D and Doherty P, Square wheels and other easy-to-build hands-on 
science activities, San Francisco, USA: Exploratorium, 2002. 
[26] http://scitation.aip.org/tpt/ 
[27] http://www.iop.org/EJ/journal/PhysEd 
[28] http://ijhsci.aect.pt/ 
[29] http://www.esa.int/SPECIALS/Science_on_Stage/ 
[30] http://www.girep.org/ 
[31] http://spie.org/x30117.xml 
[32] http://www.hsci.info/ 
[33] http://physicslearning.colorado.edu/PiraHome/ 
[34] http://www.aapt.org/ 
[35] http://www.nsta.org/ 
[36] http://www.colos.org/ 
[37] http://demoroom.physics.ncsu.edu/ 
[38] http://web.physics.ucla.edu/demoweb/ 
[39] http://demo.physics.uiuc.edu/LectDemo/ 
[40] http://www.stevespanglerscience.com/ 
[41] http://www.grand-illusions.com/ 
[42] http://www.youtube.com/watch?v=ZYgFuUl9_Vs&NR=1 
[43] http://www.sargentwelch.com/ 
[44] http://www.delta-education.com 
[45] http://www.scientificsonline.com 
[46] http://www.exploratorium.edu/ 
[47] http://www.sciencemuseum.org.uk/ 
[48] http://www.amnh.org/ 
[49] Carpenter DR and Minnix RB, The lecture demonstration: try it, they´ll like it, 
The Physics Teacher, 19, 391-392, 1981. 
[50] Freier G, The use of demonstrations in Physics teaching, The Physics Teacher, 
19, 384-386, 1981. 
[51] Hilton WA, Demonstrations as an aid in the teaching of Physics, The Physics 
Teacher, 19, 389-390, 1981. 
[52] Williams MJ, Understanding is both possible and amusing, Physics Education, 
25, 253-257, 1990. 
Selected Papers on Hands-on Science II 
419 
[53] Di Stefano R, Preliminary IVPP results: student reaction to in-class 
demonstrations and to the presentations of coherent terms, American Journal 
of Physics, 64: 1, 58-62, 1996. 
[54] Sokoloff DR and Thornton RK, Using iterative lecture demonstrations to create 
an active learning environment, The Physics Teacher, 35, 340-347, 1997. 
[55] Meltzer DE and Manivannan K, Transforming the lecture-hall environment: the 
fully interactive physics lecture, American Journal of Physics, 70, 639-654, 
2002. 
[56] Sharma MD, Johnson ID and Johnson H, Use of interactive lecture 
demonstration: A ten year study, Phys. Rev. ST Physics Ed. Research 6, 
020119-1/020119-9, 2010. 
[57] http://www.mhhe.com/cps/ 
[58] http://www.replysystems.com/ 
[59] http://www.sunvote.com.cn/ 
[60] Edelson DC, Gordin DN and Pea RD, Addressing the challenges of inquiry 
based learning through technology and curriculum design, Journal of Learning 
Sciences, 8, 391-450, 1999. 
[61] http://phet.colorado.edu/ 
[62] http://www.animations.physics.unsw.edu.au/ 
[63] http://www.phy.ntnu.edu.tw/ntnujava/ 
[64] http://modellus.fct.unl.pt/ 
[65] http://www.opensourcephysics.org/ 
[66] Domin DS, A review of laboratory instruction styles, Journal of Chemical 
Education, 76, 543-547, 1999. 
[67] Campbell J, Canterbury´s physics display facility, The Physics Teacher, 27, 
526-529, 1989. 
[68] Bone WJ and Roth MK, Organizing school science shows, The Physics 
Teacher, 30, 348-350, 1992. 
[69] Esteves Z, Cabral A and Costa MFM, Informal Learning in Basic Schools. 
Science Fairs. International Journal of Hands-on Science, 1: 2, 23-27, 2008. 
[70] Jones B, The little shop of Physics. A just-in-time science museum, The 
Physics Teacher, 34, 514-518, 1996. 
[71] Williams J, Build your own interactive science centre, Physics Education 43, 
580-587, 2008. 
[72] Dorrío BV and Villar R, Indoor interactive science museums in school, 
Proceedings of the 3rd International Conference on Hands-on Science. Science 
Education and Sustainable Development, Costa M F and Dorrío B V (Eds.), 
623-628, Braga, Portugal, 2006. 
[73] Dorrío BV, Rodríguez S, Lago A and Diz J, Chladni plates: A hands-on energy 
activity, Proceedings of the 3rd International Conference on Hands-on Science. 
Science Education and Sustainable Development, Costa M F and Dorrío B V 
(Eds.), 241-246, Braga, Portugal, 2006. 
[74] Rodríguez S, Fernández J, Asín JA, Lago A and Dorrío BV, An informal 
interactive science and technology centre, Proceedings of the. 2nd International 
Conference on Hands-on Science. Science in a changing education, 
Selected Papers on Hands-on Science II 
420 
Michaelides PG and Margetousaki A (Eds.), 190-195, University of Crete, 
Rethymno, Crete, 2005. 
[75] Villar R and Dorrío BV, Science interpretation in high school, Proceedings of 
the 2nd International Conference on Hands-on Science. Science in a changing 
education, Michaelides PG and Margetousaki A (Eds.), 184-189, University of 
Crete, Rethymno, Crete, 2005. 
[76] Pinkerton KD, Interactive hallway physics for elementary schools, The Physics 
Teacher, 29, 166-168, 1991. 
[77] Sampere SM, The Neon Sign, The Physics Teacher, 37, 140-141, 1999. 
[78] Pizzo J, Echo Tube, The Physics Teacher, 24, 428-429, 1986. 
 
 
Paper presented at the 8th International Conference on “Hands on Science. 
Focus on Multimedia",  
Ljbljana, Slovenia, September 15 to 17, 2011. 
